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@ Reader device or laser scanner for reading characters with different reflectance values, particularly 
bar codes. 



@ A laser scanner for bar codes which comprises 
laser beam sources (1,2) that scan a reading area 
(26) by virtue of scanning means (9); means are 
provided to keep activated the laser source focused 



onto the region of the area that contains the code 
and to provide a signal that is equivalent to the code 
that has been read. 
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The present invention relates to a reader de- 
vice (hereinafter termed "laser scanner" for the 
^ sake of brevity) for reading characters with different 
reflectance values, such as for example bar codes. 

The use is known of two or more lasers, suit- s 
able to be focused at different distances, inside a 
single scanner, so as to increase the depth of field 
for the reading distance in bar code readers. An 
example of this technique is described in European 
Patent Application published on April 15, 1992 un- w 
der Serial No. 0480348. 

In the known system, the lasers related to the 
various distances are activated sequentially and 
alternately, one for each scanning operation, and if 
one scan is found to contain the code, all subse- is 
quent scans are performed by the same laser, until 
the code remains present; once this situation ends, 
scanning resumes with cyclic alternation of the 
lasers. 

Another known method entails the activation of 20 
the laser related to the reading distance by mea- 
suring, by means of a barrier of photocells external 
to the scanner, the height of the object that bears " 
the code to be read. 

These systems have drawbacks: in the first 25 
case, the actual scan rate is equal to the real scan 
rate divided by the number of lasers being 
scanned; the second method requires the use of 
external photocells and is furthermore effective 
only if the objects on which the code is placed 30 
have a regular shape. A defect of both systems is 
that only one focusing is possible during an individ- 
ual scan. In other words, it is not possible to 
simultaneously read two codes that are aligned but 
located on planes that are at different distances 35 
from the scanner. 

The aim of the present invention is to provide a 
scanner for reading characters with different reflec- 
tance values, such as for example bar codes, 
which can activate, automatically and in real time,' 4o 
the laser focused at the distance that matches the 
instantaneous position of the spot at any time dur- 
ing the scan. 

This aim is achieved by a laser scanner, the 
characteristics whereof are defined in the appen- 45 
ded claims. 

Further characteristics of the invention will be- 
come apparent from the following detailed descrip- 
tion on the basis of the accompanying drawings, 
wherein: 

so 

figure 1 is a block diagram of a scanner with two 
laser units; 

figure 2 is a block diagram of a modified detail 
of the scanner of figure 1 ; 

figure 3 is a diagram of a detail of the scanner 55 
of figure 1 ; 

figure 4 is a block diagram of a scanner pro- 
vided with one laser unit; 



figure 5 is a block diagram of a scanner with 
three laser units; 

figure 6 is a diagram of a detail of the scanner 
of figure 5. 

With reference to figure 1, the scanner com- 
prises two perfectly identical laser beam source 
units 1 and 2: each unit is composed of a power 
supply circuit la, 2a and of a modulating circuit lb, 
2b that activates modulated emission only when a 
high-frequency modulating signal is present at its 
input. Each source unit 1, 2 furthermore includes a 
laser diode 1c. 2c connected to the output of the 
modulating circuit lb, 2b and an optical assembly 
Id, 2d for variable coilimation, such as to allow the 
focusing of the emitted beam at different distances. 
In the example of figure 1, one assembly focuses 
the emitted beam onto a nearer region or reading 
field and the other assembly focuses It onto a more 
distant reading field. Conveniently, the two reading 
fields have an overlapping region in order to ensure 
the necessary continuity of the region to be 
scanned. 

The beam 3 arriving from the optical assembly 
Id is sent through a semitransparent mirror 4. In 
the same manner, the beam 5 from the optical- 
assembly 2d is reflected by the mirror 6 onto the 
semitransparent mirror 4; the mirrors 4 and 6 are 
orientated so that the beams 3 and 5 that leave the 
mirror 4 have the same direction, so as to produce 
a unidirectional beam 7. 

The unidirectional beam 7 is directed onto a 
polygonal rotor 9 through the hole of a mirror 8 
arranged obliquely with respect to said beam. Said 
rotor 9 comprises multiple peripheral mirrors which, 
by means of the rotation of the rotor, scan a preset 
reading area in which the characters to be read, 
e.g. a bar code, are located. 

The beam reflected by the reading area is 
reflected by said rotor 9 and by the min-or 8 
towards an optical receiving system 10 that con- 
centrates the light on a photoelectric sensor 1 1 
which converts the light signal into an electric sig- 
nal. The amplifier 12 amplifies said electric signal 
until it reaches a level sufficient for subsequent 
processing. The signal at the output of the amplifier 
12 is sent to a phase demodulator 13. 

The modulation signal is produced by a local 
oscillator 14 and is sent to the laser unit 1 (signal 
15) or to the laser unit 2 (signal 16), depending on 
the position assumed by a selector 17. 

The modulating signal produced by the local 
oscillator 14 has a sinusoidal plot that follows the 
rule cos(Qot) at a high frequency, for example 40 
MHz. 

The selector 17 comprises an analog switch 18 
which, depending on a signal that arrives from a 
decision circuit 19, connects the oscillator 14 to the 
laser unit that is focused on the distance of the bar 
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code. 

The beam emitted by the laser unit 1 or 2 and 
modulated afccording to the rule cos(Dot), after be- 
ing scanned in a cyclic manner over the reading 
area and reflected onto the amplifier 12, is present 
at the output thereof as a signal whose carrier 
frequency is the same modulation frequency as 
that of the laser beam and contains, as amplitude 
modulation, the signal due to the differences in 
reflectance of the point of the surface struck by the 
beam (scanning spot), phase-shifted in proportion 
to the time required to cover the sum of the dis- 
tances between the laser unit 1 or 2 and the 
reflection surface and between the reflection sur- 
face and the sensor 11. 

Accordingly, at the output of the amplifier 12 a 
signal Acos(not + *) is obtained, where A is the 
amplitude of the signal indicating reflectance, Qq 's 
the pulse of the modulating signal and * is the 
phase shift angle of the received signal with re- 
spect to the modulating signal. 

The modulating signal cos(Qol) arriving from 
the local oscillator 14 and the signal at the output 
of the amplifier 12, Acos(Qot + are sent to a 
mixer 20 of the phase demodulator 13, which is in 
practice a synchronous demodulator that can pro- 
vide an output signal A cos 

The same signal Acos(not is sent to an 
amplitude demodulator 21 that extracts its am- 
plitude characteristic A. 

Analog signals are present at the output of the 
mixer 20 and of the amplitude demodulator 21; 
these signals, sent to an analog divider 22, provide, 
at the output thereof, a signal which is proportional 
to cos 

The signal A is furthermore sent to a digitizer 
23, where it is converted into pulses the duration of 
which corresponds to the variations in reflectance. 

The output of the digitizer 23 is connected to a 
decoder 24 which receives the signal cos # from 
the analog divider 22. 

The decoder 24 also receives a signal pro- 
cessed by an angular position sensor 25 which is 
associated with the rotor 9. 

The sensor 25 detects the beginning of each 
scanning step and allows the decoder to provide in 
output the information related to the angular posi- 
tion (distance) of the reflectance area (represented 
by the signal cos ^ at the output of the analog 
divider 21) and to the variations (represented by 
the signal A at the output of the digitizer 23) in 
relation to the angular position of the beam that 
scans the reading area. 

As mentioned initially, the laser units 1, 2 are 
preset to focus the emitted beams onto two adja- 
cent fields which form the reading area by mutually 
integrating along an overlapping region. In order to 
determine which one of the two laser units 1, 2 



must remain activated (i.e. with modulation present) 
in the reading field where the characters to be read 
are present, the signal cos * is sent not only to the 
decoder 24 but also to the decision circuit 19. 

5 which is substantially a comparator that compares 
said signal cos ^ with a reference value corre- 
sponding to the region of separation (overlap) be- 
tween the two focusing fields of the laser units 1 , 2. 
On the basis of this comparison, the signal at the 

10 output of the circuit 19 presets the selector 17 for 
the activation of one or the other of the laser units 
1.2. 

The described scanner is particularly suitable 
for reading the bar codes 26 applied to products 

15 meant for distribution, if the local oscillator 14 
emits a 40-MH2 modulating signal having a cor- 
responding wavelength of 7.5 meters, the return 
signal reflected by the bar code 26 will be back in 
phase with the emitted signal every 7.5 meters. 

20 Taking into account the fact that the optical 
path IS double, the useful working field is halved 
and then again halved by providing only a phase 
shifting up to 180**. A working field of approxi- 
mately 1 .8 meters is thus obtained: such a field is 

25 four times shorter than the wavelength and con- 
stitutes a wide enough value within which the 
codes to be read must be kept with respect to the 
scanner. 

The operation of the scanner according to the 

30 invention, although evident from the above descrip- 
tion, is as follows. 

AssDme that the laser unit 1 is preset to focus 
onto a reading field closer to the scanner than the 
field for which the laser unit 2 is preset. If the 

35 selector 17 is in the position for connecting the 
oscillator 14 to the laser unit 1 and the bar code 26 
is in the reading field of the laser unit 1 . the spot of 
the beam emitted by the laser unit 1 is correctly 
focused and at the output of the amplifier 12 a 

40 signal Acos(not <&) is obtained which, once pro- 
cessed by the phase demodulator 13, provides the 
decision circuit 19 with a signal which, when com- 
pared with the reference signal, allows the circuit 
19 to process a signal that can keep the selector 

45 17 in the position for connecting the oscillator and 
the laser unit 1 , Throughout this connection, the 
analog signal A corresponding to the code that has 
been read reaches the digitizer 23 and starting 
. therefrom, in pulse form, reaches the decoder 24 

50 together with the phase shift signal cos * arriving 
from the divider 22 and with the angular position 
signal arriving from the sensor 25. 

If the code 26 is not in the focusing field of the 
laser unit 1 , the signal cos * at the output of the 

55 demodulator 13 causes the processing of a signal 
that can switch the selector 17 and allow the modu- 
lation of the laser beam emitted by the unit 2, 
which is focused onto the field in which the code 
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26 is present. The steps then follow one another in 
the above described manner. 

In the practical execution of the device, the 
nnixer 20 is constituted by a PMB2330 integrated 
circuit produced by the German company Siemens s 
AG. 

-Figure 2 illustrates an embodiment of the 
phase demodulator 13, which consists of two mix- 
ers 27 and 28, the inputs of which receive the 
signal Acos(Qot + *) provided by the amplitude io 
amplifier 12, While the mixer 27 receives the mod- 
ulating signal with the rule cos(Qol). the mixer 28 
receives the same signal advanced by tt/2 by the 
circuit 29. i,e. sin(Qot). 

Accordingly, the signal Acos* is present at the rs 
output of the mixer 27 and the signal Asin* is 
present at the output of the mixer 28. These sig- 
nals are processed by the analog divider 22 into 
the output signal tan4>, i.e. again a signal which is a 
function only of the phase shift angle matching the 20 
distance between the code 26 and the scanner. 

Figure 3 illustrates a possible embodiment of 
the decision circuit 19 and of the switch 17. The 
inputs of the operational amplifier 30 are connected 
to a circuit 31 for providing a reference signal, and 25 
respectively to the phase shift signal cos*. The 
output of the operational amplifier 30 provides a 
direct signal at the output 32 and an inverted 
signal, produced by a NOT logic gate 34, at the 
output 33. 30 

The direct and inverted signals, depending on 
their polarity, respectively switch on and off the two 
switching circuits 35 and 36 connecting the local 
oscillator 14 to the laser units 1. 2. The switching 
circuits can be provided, for example, with devices 35 
that are commercially known by the code 
PSW1211 and are manufactured by the US com- 
pany MiniCircuits. 

The invention is susceptible to numerous modi- 
fications and variations, all of which are within the 40 
scope of the inventive concept. 

Figure 4 is the block diagram of a scanner 
having a single laser unit 37. In this case, the laser 
unit 37 is modulated directly and continuously by 
the signal cos(Qot) arriving from the local oscillator 45 
14. In this case, the distance-indicating signal cos<& 
is used only to provide information to the decoder 
as to the distance of the scanner from the code. 

A scanner according to this configuration can 
be used not only to read codes but also to mea- so 
sure the distance and position of objects and codes 
located in the space covered by the scan. 

Figure 5 is a block diagram of a scanner with 
three laser units 38, 39 and 40 for reading three 
fields: close, intermediate and distant. The selector 55 
41 and the decision circuit 42 are accordingly 
designed for three outputs and two reference dis- 
tance thresholds respectively. The associated de- 



cision circuit 42 and selection circuit 41 are illus- 
trated in figure 6. In particular, the decision circuit 
42 comprises two operational amplifiers 43 and 44 
having a first input connected to a respective cir- 
cuit 45, 46 that provides a positive or negative 
reference signal and a second input connected to 
the phase shift signal cos *, The outputs 47, 48 of 
the operational amplifiers 43. 44 are connected to 
the switching circuits 49, 50 . which are related to 
the laser units 38t 40 for' focusing onto the out- 
ermost reading fields. Said outputs 47, 48 are 
connected to the inputs of a NAND logic gate 51, 
at the output 52 of which there is a signal only in 
the presence of a signal on one of the outputs 47 
and 48. Accordingly, the signal at the output 52 
connected to the switch 53 related to the laser unit 
39 allows to focus the laser beam on the code 
which is located in an intermediate reading field. 

In a further embodiment, as an alternative to 
the decoder means there are C.P.U. (Central Pro- 
cessing Unit) means providing data equivalent to 
the distance from the scanner of the objects that 
are in its measurement field, independently of the 
presence or absence of bar codes or other simitar 
symbols. 

It is also possible to provide a scanner having 
a single laser diode and using the techniques ac- 
cording to the present invention. Said scanner will 
be able to read codes with the depth of field of a 
single laser, but will also be able to report, in 
addition to the code it has read, the distance of the 
code from the scanner. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 
and accordingly such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such reference 
signs. 

Claims 

1- Laser scanner for reading characters printed 
with different reflectance values, particularly 
bar codes, characterized in that it comprises: 
" at least two laser beam source units (1,2), 
each one provided with optica! means 
(1d,2d) for focusing the beam (3) of one unit 
(1) onto a near region and the beam (5) of 
the other unit (2) onto a distant region, said 
optical means being such that the beam 
generated by each unit coincides, in terms 
of direction and position, with the beam 
generated by the other unit, said near and 
distant regions fom^ing said reading area 
(26) and overlapping in an intermediate re- 
gion; 
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- optical scanning means (9) for periodi- 
cally directing the coincident beam (8) onto 
a reading area (26) that contains said code; 

- optical receiving means (10) for collecting 

the light that returns from the scanning of* 5 
the code and for providing an optical signal; 
" sensor means (11) for converting the op- 
tical signal into an electric signal; 

- amplifier means (12) connected to said 
sensor means (11) and suitable to provide. 70 
in output, an amplitude signal that is propor- 
tional to the light received by the sensor 
means (11); 

- two independent power supply (1a,2a) 

and modulation circuits (1b,2b). each one is 
coupled to one of said laser units (1,2) and 
having an input for a modulating signal of 
preset frequency; 

- a local oscillator (14) for generating said 
modulating signal of preset frequency: 20 
" a selector (17) for sending said modulat- 
ing signal to one or the other of said power 
supply circuits (1a,2a) so that it emits a 
signal modulated at the frequency of said 
local oscillator (14); ^5 

a phase demodulator (13) for measuring 
the phase difference between the signal re- 
ceived from said amplifier means (12) and 
the signal of said local oscillator (14), the 
result of this phase demodulation being a 30 
signal that indicates the distance between 
the reading field scanned by the laser beam 
at that exact instant and said scanner; 

- comparator means (19) for comparing 

said distance signal to a reference signal 35 
that is equivalent to the distance of said 
intermediate region from said scanner and 
for providing signals suitable to activate, in 
real time, said selector (17) into the position 
for activating the laser unit (1,2) that is 4o 
focused on the region containing the code; 

- amplitude demodulation means (21) con- 
nected to said amplifier means (12) and 
providing a signal that is equivalent to the 
code that has been read; ^ 
" digitizer means (23) connected to said 
amplitude demodulation means (21) and 
providing pulses the duration of which 
matches the symbols of the code that has 
been read; 

- decoder means (24) connected to said 
digitizer means (23) and to said phase de- 
modulator (13) and providing data that are 
equivalent to the content of the code that 

has been read and to its distance from the 55 
scanner. 



2. Laser scanner according to claim 1, wherein 
the frequency of the local oscillator (14) is 
such that the corresponding wavelength is 
equal to, or slightly higher than, four times the 
maximum operating distance of said scanner. 

3. Laser scanner according to claim 1, character- 
ized in that it comprises three laser units 
(38,39.40) focused on three regions located at 
a close, intermediate and remote distance from 
said scanner. 

4. Laser scanner according to claim 3. character- 
ized in that the switching circuit (41) is capable 
of driving said modulating signal only on one 
of said three laser units at a time, and in that 
said comparison means (42) are capable of 
comparing said distance signal with two refer- 
ence values corresponding to the distances of 
the separation areas of said three regions. 

5. Laser scanner for reading characters printed 
with different reflectance values, particularly a 
bar code, characterized by: 

" means for emitting a laser beam (1,2); 

- optical scanning means (9) for periodi- 
cally directing the laser beam onto the 
scanning region; 

" optical receiving means (10) for directing 
the light that returns from the scan onto: 

- sensor means (11) for converting the light 
intensity variation into electric signals; 

" amplifier means (12) connected to said 
sensor means (11) and suitable to provide 
an electric signal, the amplitude of which is 
proportional to the amplitude of the light 
received by said sensor means (11); 
" a phase demodulator (13) that can mea- 
sure the phase difference between the sig- 
nal received from said amplifier means and 
a signal of a local oscillator (14), the result 
of this phase demodulation being a signal 
indicating the distance between the plane 
scanned by the laser beam at that exact 
instant and said scanner; 
" amplitude demodulation means (21) con- 
nected to said amplifier means (12) and 
providing an amplitude signal that is equiv- 
alent to the reflectance of the code that has 
been read; 

- digitizer means (23) connected to said 
amplitude demodulation means (21) and 
providing pulses the duration of which 
matches the code that has been read; 

- decoder means (24) connected to said 
digitizer means (23) and to said phase de- 
modulator (13) and providing data that are 
equivalent to the content of the code that 
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has been read as well as information on its 
distance from the scanner; 

- C.^J.U. (Central Processing Unit) nneans» 
as an alternative to said decoder means 
(24). for providing data that are equivalent to s 
the distance between the scanner and the 
objects that lie within its measurement field, 
independently of whether they contain bar 
codes or other symbols. 

10 

6* Method for reading a bar code or other symbol 
based on elements having different reflectance 
by means of: 

the periodic scanning of a laser beam (7) 
along a certain direction or path; 15 

- the modulation of said laser beam at such 
a frequency that its wavelength is at least 
equal to four times the maximum reading 
field; 

- the reception of the light reflected by the 20 
support of said code or symbol and the 
conversion thereof into an electric signal, by 
means of a photoelectric sensor (1 1) and an 
associated amplifier (1 2), said electric signal 
being constituted by a waveform in which 25 
the modulating frequency and the amplitude 
depend on the reflectance of said symbol or 
code; 

- the measurement of the distance between 

the scanner and said symbol or code by the 30 
phase demodulation of said electric signal 
with respect to the phase of said modulating 
signal; 

- the comparison of said distance-indicating 
phase signal by means of a comparator (19) 35 
with one or two thresholds and a single- 
pole, double- or triple-throw switch (17.41) 

to activate, among the lasers (1.2,38,39,40) 
present in said scanner, the one focused in 
the correct distance field; 40 
" the amplitude demodulation of said elec- 
tric signal to obtain a signal representing 
said code or symbol; 

- the digitizing of said representative signal 

to obtain pulses corresponding to said code 45 
or symbol; 

- the decoding of said pulses so as to 
obtain information related to the content of 
said code or symbol and to its distance 
from said scanner. so 
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(54) Reader device or laser scanner for reading characters with different reflectance values, 
particularly bar codes 



(57) A laser scanner for bar codes which comprises 
laser beam sources (1,2) that scan a reading area (26) 
by virtue of scanning means (9); means are provided to 
keep activated the laser source focused onto the region 



of the area that contains the code and to provide a sig- 
nal that is equivalent to the code that has been read. 
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